Abstract. The article deals with a problem related to a product produced by injection moulding technology focusing on the importance to design the product geometry in the right way. The mould structure is often characterized by uneven wall thickness throughout the entire volume. Thicker walls and a greater accumulation of material can cause the overflow and other distortions. The accumulated material solidifies unequally, so internal tension is developing. Its influence may result in various deformations and surface defects. There is described the application of specific solution for the mould wall thickness correction in real practice. The relief pins method is concerned that was used at the product with commercial name Box Series S-BOX 106 made of polyamide PA 66. After proposed modification of the form, the mould quality has improved and production efficiency has increased. Software Cadmold 3D-f was used for simulation of cooling and injection pressure.
Introduction
The intensive development of new types of plastics, the rapid development of their industrial production in recent years, and especially their application in various sectors of industrial activities have resulted in a booming demand for their processing tools. Currently, there are not enough professionals in this field to meet the needs of plastics processors, and the disparities are becoming ever more aggravated. [1] The most common technology employed in the production of plastic products in the current technological practice is a technology of injection moulding in which the molten plastic is forced into a cavity of the injection form. The form is a tool that gives the product the desired shape and dimensions. This is often complicated technical equipment that must withstand high pressure, it must produce mouldings of precise dimensions, while in most cases the form must operate automatically. The form is clamped onto the injection moulding machine which transports the melt into its cavity. After cooling the melt, the mould must meet the requirements of both quality and its functional characteristics. In terms of technology, the shape of the mould should be such that the form cavity was easily producible and its subsequent production was performed effortlessly and faultlessly.
State of the Art
One of the negative accompanying phenomena of injection, which affects the quality of the final product, is shrinking.
Shrinkage is defined as the volume change during solidification of the polymer melt, the underlying cause being compressibility, thermal expansiveness, and the concentration of plastics, with the partially crystalline plastics crystalline changes are added to the above cause. This is a phenomenon that is common to all plastics. In holds true for injecting any amorphous thermoplastic or partially crystalline one that the dimensions of the mould after its ejection from the moulding form are different from the dimensions measured after a specified period from its production or, respectively, after storage. The above dimensional variations are often attributed to shrinkage or deformation. In contrast to shrinkage, deformation is defined as a change in shape while maintaining the constant volume of the mould. [2] These two concepts need to be distinguished, because a significant difference between these two concepts exists there, while deformation is very often the result of shrinkage. Figure1 shows the course of the change of pressure, volume, and temperature in injection moulding of thermoplastics. In practice, the most important information is one on the overall or production volume shrinkage S v . This is a volume change of ∆V between points 4 and 6 or, respectively, between points 4 and 5 shown in Figure 1 , which also defines the potential directional shrinkage.
Production and volume shrinkage can be determined from the relationship:
Where V F is the volume of the shape of the mould cavity at ambient temperature of 23 °C. V V is the mould volume under the same temperature (23°C) or from the relationship for directional shrinkage:
Where in S D is the shrinkage in the length direction [%], S S is the shrinkage in the width direction [%], S TL is the shrinkage of the wall thickness [%] . Another factor that affects the quality of production in the plastic injection moulding is the mould wall thickness. In determining it, toe in plastic and length of the flow path also need to be taken into account, in addition to the functional point of view. If thinner walls are better for structural and functional reasons, it is necessary to adjust the processing conditions, e. g. use a type of plastic with a higher MFI (melt flow index), to increase the temperature of the melting form or that of the mould, or, eventually, use multiple injections. [4, 5] Large differences in the wall thickness of the mould result in uneven cooling, material shrinkage, and the formation of internal stress. This ultimately may give rise to deformations, such as those in form sink marks, and may affect the required quality of the mould. Furthermore, it is necessary to take depressions into account with the differences in wall thickness. The same problems arise in places where polymer accumulates. There is a need to design a recess. If in doing so stiffness is reduced, it is necessary to design reinforcing ribs in such places. [6] The mould structure is characterized by a thin wall and maintaining the same wall thickness throughout the entire volume, particularly in crystalline plastics. For thicker walls and a greater accumulation of material, there occurs overflow other distortions. In a narrow mould cavity, the melt quickly cools and solidifies. In turn, thick walls require a long cooling period. The accumulated material for mouldings with varying wall thickness solidifies unequally, thus causing internal tensions. Its influence may result in various deformations and surface defects. [7] Problem Definition When designing a plastic component, it is quite difficult to design the product so that the same wall thickness is maintained at all points, especially when it comes to a mould where ribs are necessary to 0-1 volume filling of the mould cavity by the melt 1-2 compression of the melt 2-3 holding pressure 3-4 isochoric transition at T1bar 4-5 cooling without pressure 5-6 cooling off the form A the total volume shrinkage SV B production volume shrinkage SVV TVY temperature of ejection from the mould form T0 temperature of environment maintain a higher strength or if seal groove are necessary. In such cases, the designer has limited possibilities of designing the shape of the product being produced, because he must also consider the technological aspects of production. Shape optimization was performed at the cover of the installation box Series S-BOX 106 made by plastic injection technology using injection moulding machine Engel ES 700/200. (Figure 2 ). Polyamide PA 66, from which the box is made, has good heat resistance, high hardness and low moisture absorption. [8] a) 2D display of lid box b) realistic view of the box For this product, there were distortions and surface defects due to different wall thicknesses in the injection production. Close to the mould cavity the melt quickly cools and solidifies. In turn, thick walls require a long cooling period. Deformation could also be seen by visual inspection, as it is shown in Figure 3 . As the mould shape is symmetrical, it has the same critical point in each corner. But the deformations were only arising in two places, namely in those more remote from the influx mouth.
The location of the mould hotspots at which deformations were arising in respect of the influx mouth are shown in Figure 4 . 
Problem Solution
A probable cause of deformation path was a longer path of material flow, because the injected material in the point of influx mouth cools quicker, therefore no holding pressure can be used (injection pressure increase before the end of the cycle), which is designed to fill the critical points.
Deformations Estuary inlets Deformations
To confirm or refute this theory, it was necessary to analyze the flow of material, for which the software Cadmould 3D-f was used. [9, 10] In optimal settings of the injection moulding machine and plastic injection parameters i. e. at a pressure of p = 25 MPa and the plastic matter temperature of t = 250 °C it was confirmed by simulation that the plastic on its flow path for a long time of t = 0.886 s (Figure 5b ) loses pressure in ¼ of the mould (Figure 5a) .
By increasing the pressure from 25 MPa to 50 MPa it has been shown that the material would be flowing much more quickly, for the time of t = 0.503 s (Figure 5c, d ), but such a pressure would give rise to overmoulds, and this could even distort the mould cavity, which may even lead to the breakage of the cavity form elements. It has been found in the analysis that the deformation cannot be removed by the technology of injection, so adjustments are to be made in the form. It appeared necessary to lighten the critical points, thus to create a thinner wall, so that thermal expansion occurs in cooling of the material accumulated.
The first solution considered the addition of pitched bouncers, but given the structure of the mould form, this alternative solution would be time-consuming and costly. The simplest solution in economic terms and in terms of labour input thus appears the possibility of using respite pins at the critical points (Figure 6 ), thereby allowing a reduction in wall thickness. 
Summary
Products of a larger wall thickness have a larger heat capacity encased, which can cause more shrinkage and consequently bigger deformations than with the products of reduced wall thickness. From the technological point of view, the products should therefore be designed without significant Pins changes in wall thickness. A properly designed component intended for the production by the injection moulding technology is crucial to reduce waste, shorten the production time, increasing the product quality, which naturally leads to an increase in the production efficiency.
Applications of changes in the product form contributed to the deformation removal, thereby adjusting the shape of the mould (Figure 7 ) and reducing the waste rate to 0%. This resulted in the productivity increasing by 60%. Figure 7 . Burst shape after deformation removal.
